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Abstract 
A thin film of silver, applied by sputtering 
or vacuum evaporation, provides an excellent 
conformal conductive coating for scanning 
electron microscopy of insulating s pe cimens. 
When no longer required it is easily removed 
with Farmer's reducer a dilute aqueous 
solution of potassium ferricyanide and sodium 
thiosulphate. No damage was apparent to fine 
structure in the calcite matrix of ostracode 
shells, or to other biological tissues. No 
problems have been encountered with grain in the 
silver film at magnifications up to 15,000 X, or 
in the storage of coated specimens in a 
desiccator for periods exceeding 6 months. 
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Introduction 
Many specimens for which scanning electron 
microscopy ( SEM) is invaluable are electrical 
insulators, for example microfossils and dried 
biological preparations. To promote the 
emission of secondary electrons, and to prevent 
cha r ging of the surface (with consequent 
repulsion of both incoming and secondary 
electrons) it is usual to coat such specimens 
with a very thin layer of metal. Nowadays gold 
( sometimes over a thin undercoat of carbon) i~ 
commonly employed for the majority of work, 
although refractory metals have been rrfommended 
for the very highest magnifications. These 
coatings are normally applied by sputtering in a 
glow discharge, fo r this technique is 
omni-directional and tends to give a 
fine-grained deposit, whilst the apparatus 
required is comparatively simple and inexpensive 
since a high vacuum is not required. An 
alternative, older, technique (which also allows 
aluminium to be deposited) is evaporation of a 
molten bead of the chosen metal in a high 
vacuum. The inherent directionality of this 
method means that samples must generally bJ 
moved contin uously by a rotating/noddin g table. 
Problems arise when it is desired t o return 
a specimen to its original uncoated condition , 
for example to allow successive treatments or 
because too thick a coating has been accidently 
applied. Even samples which have been correctly 
coated may be rendered unsuitable for subsequent 
optical and analytical examination , due to the 
highly reflective nature of the gold film and 
its interference with X-ray emission. For these 
reasons there is frequently a reluctance to 
allow SEM examination of certain material, e.g., 
type specimens and archaeological artifacts. 
Removal of Gold and Aluminium Coatings 
Attempts have therefore been made to remove 
the metal film by suitable reagents, which must 
obviously not attack the substrate. It is 
well-known that gold is recovered from siliceous 
ores by complexing with aqueous cyanide und!? 
?1idizing (aerobic) conditions, and two groups ' 
have independently utilised this reaction. A 
major obstacle is the highly toxic nature of 
cyanides, necessitating efficient fume hoods and 
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a high degree of supervision and co ntr o l 
unwanted in most laboratories. A less 
objectionjble reagent is ferric chloride in 
alcohol, but it r equ ires some six hours to 
remove a gold/palladium film from a smooth PTFE 
surface, and appears likely to attack many 
specimens. Mercury amalgamates gold, but does 
not remove
12
it completely and adds its own 
background. 
Altnninium dissolves in weak acids and 
alkalies with fr e evolution of hydrogen. 
Sylvester-Bradley th e refor e hoped that soaking 
in a dilute solution of sodium hydroxide would 
enable this metal to be removed from calcite 
microfossils without damage to the matrix. 
Unfortunate!~• he was later obliged to 
acknowledge that insufficiently careful 
exposure to alkali could result in dissolution 
of fine structure. 
The 'Environmental Chamber' 
Several workers have therefore attempted to 
use preparations merely dipped in a solution of 
an organic 'anti-st atic' agegt, 3 or eve n 
completely uncoated specimens. Successful 
results have been reported at low magnifications 
and beam energy. The most sophisticated 
development in this direction is an 
'environmenta l chamber' holding the uncoat~? 
specimen at a comparatively ~iw vac uum (10 
torr) while the high vacuum (10 torr) demanded 
by the SEM electron gun and optics is maintained 
by dif 1erential pumping across a narrow 
orifice. Charges on the sample are neutralised 
by ions generated from the residual gas in the 
environmental chamber. It has been demonstrated 
that good pictures cyg be obtained from many 
'difficult' subjects, but the technique is 
confined to backscattered elect ron detection, 
and magnification tends to be limited to less 
than 500 X. Another important limitation is the 
cost of the ex tra a ttachments r equired for the 
SEM. 
Advantages of a Silver Film 
Silver would appear to have much t o commend 
it as an alternative to gold. It is the most 
conductive me tal known, possesses a high 
secondary e! .ectron coefficient, and is readily 
applied by sputtering or evaporation to follow 
irregular 
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contours better than any other 
material. Unlike gold, its X-ray emission 
lin es are well-separated from those of th e 
biologically important sulphur and phosphorus. 
Its cost is only a fraction of gold and th e 
platinum metals. 
The unique applicability of silver t o 
photography has resulted in extensive research 
upon its complex ions and their solubility. 
Quite early in the history of photography it was 
found that a dark, over-exposed negative could 
be rendered less opaque ('reduced') by aqueous 
oxidising agIBts in the presence of sodium 
thiosulphate. The metallic silver forms the 
Ag ion, which is promptly complexed by the 
thiosulphate so that still more silver 
dissolves. No gas is evolved. The negative 
would be removed from the reagent and thoroughly 
washed when a sufficient amount of silver had 
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been abstracted from the i ma ge . One o f the 
mildest of
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these 'reducers' is that formulated 
by Farmer in 1884, employing very dilute 
potassium ferricyanide as the oxidising agent . 
As paper, albumen and gelatine were apparently 
unaffected, it was thought that this r eagent 
might well prove suitable for dissolving silver 
from a variety of coated specimens without 
damage to the matrix. Ferricyanides do not 
possess the extreme toxicity of the simple 
cyanides, and may be purchased and used in the 
same way as ordina r y laboratory and photographic 
chemicals. 
Materials and Methods 
Farmer's Reducer 
The form~lation used was based on that given 
by Jacobson: 
Solution A 
Sodium thiosulphate (cr ystals) 
Water 











These solutions appear to be stab le indefinitely 
at room temperature if kept in securely-
stoppered amber glass bottl es. Immediately 








It was found that the resulting pale yellow 
solution had a pH of about 5, the same as the 
CO
2
-equilibrated tap water used for its 
preparation. It was unstable, losing activity 
and colour after about 2 hours at room 
temperature. A n eutral mixture may be prepared 
by substituting pH 7 phosphate buffer 
(conveniently prepared from a BDH tablet) for 
water in th e above dilution. However, all th e 
tests to be described .,·er e conduc~ed wit h the 
ordinary solution prepared with tap water. 
It should be noted that calcium carbonate 
has a significant solubility in water. In 
nature, calcite microfossils are protected 
against percolating groundwater by the 
sacrificial dissolution of fossils above and 
around them. Once removed from this environment 
to the laboratory, such fossils should 
presumably be washed only with distilled water 
which has been allowed to stand in contact with 
CaCO (e.g. marble chips) and filtered. 
Othefuise needles and similar fine structures 
will be particularly at risk. This equilibrated 
'hard' water could be used to prepare and dilute 
the Farmer's reducer. A very brief final rinse 
in distilled water is probably permissible: the 
common practice of 'soaking overnight' is not. 
SILVER AS A REMOVABLE CONDUCTIVE COATING 
Figure 1: An entire ostracode 
(Ilyocypris sp. Neogene) 
Sputter coated with silver. 
Figure 2: A 'sieve plate' in the ca lei te shell 
of th e ostracode illustrated in figure 1, 
showin g its relationship to th e surrounding 
comparatively impervious areas. 
Figure 3: (a) Closer view of another sieve plate in the same preparation. (b) Same field as (a), 
after uncoating with Farmer's reducer and then recoating with sputtered silver. 
Apparatus 
Vacuum evaporation was conducted in a 
Nanotech NAC 2 vacuum coating unit, placing 
short lengths of pure silver or gold wire within 
tungsten heating filaments. A cleaning/ 
degassing period with th e specimen covered by a 
shutter was followed by an approximately 2 
minute deposition stage under visual control. 
The specimens were moved by a rotating/nodding 
table. 
Sputter coating was accomplished in a 
Bio-Rad (Polaron Division) E 5200 auto sputter 
coater with water-cooled stage. The range of 
interchangeable metal foil electrodes for this 
instrument includes silver and gold. A 2 minute 
coa ting period in argon at 0 .15 torr, with a 
sputtering current of 20 mA, was always 
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employed. The specimen stubs were not moved 
during deposition. 
The microscope was a Hitachi S-520 scanning 
electron microscope. 
Results 
Silver mirror on glass 
A silver mirror was made by evaporating the 
metal on to a microscope slide cleaned with 
chromic acid. Sufficient was deposited t o give 
a semi-transparent film: silvery when placed on 
a dark background and viewed by reflected light, 
but behaving as a blue filter when exa mined by 
transmitted light. 
The coated glass slide was immersed in 
freshly-prepared Farmer's reducer. The silver 
A.A. Mills 
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Figure 5: Fine structure within a single scale 
of the Morpho butterfly preparation shown in 
4(b). 
was gently dissolved in a controlled manner, as 
shown by the gradual and uniform loss of colour 
in transmitted light, until none remained after 
3 minutes. No gas was evolved. It was decided 
that a 10 minute immersion should allow an ample 
margin to deal with specimens with convoluted 
surfaces. 
The reagent had no effect upon gold films. 
Alloys of silver and gold have not been 
investigated. 
Ostracodes 
Ostracodes are small crustaceans with an 
enclosing bivalve shell made of calcite (CaC01). 
Most species possess pores in this shell, which 
in some cases are covered by a fine-mesh 'sieve 
plate'. It was thought that the latter would 
make good test objects, since any damage to 
their fragile calcite structure should be 
readily visible. 
A number of hand-picked fossil ostracodes 
exhibiting this characteristic (Ilyocypris sp.) 
were available, and were mounted on aluminium 
stubs with 'Durofix' cement. They were washed 
briefly with distilled water, dried in a warm 
oven, and then coated as follows: 
No. 
1 Silver, by vacuum evaporation 
2 Gold, II II II 
3 Silver, by sputtering 
4 Gold, II II 
Control pieces of glass coated alongside the 
specimens appeared blue by transmitted light 
Figure 4: ( a) Wing scales of the Morpho 
butterfly. Vacuum coated with silver. 
(b) Another field in the preparation shown in 
(a), after removal of silver and then recoating 
with the same metal. 
(c) Another field in the Morpho preparation (b), 
after storage for 6 months. 
SILVER AS A REMOVAl!LE CONDUCTIVE COATING 
Figure 6: (a) Vacuum-evaporated silver upon glass . 
(b) Vacuum-evaporated gold upon glass. 
(c) Sputtered silver upon glass. 
(d) Sputtered gold upon glass. 
with silver, green with the gold coating. No 
other monitor of film thickness was available. 
When examined in the SEM there was little to 
choose between the various preparations from the 
point of view of image stability and definition. 
Figure 1 shows a general view of the entire 
shell no. 3. One sieve plate within this field 
was photographed at 2000 X (Figure 2), and part 
of another at 5000 X (Figure 3a). This specimen 
(still upon its stub) was then immersed in 
freshly-mixed Farmer's reducer for 10 minutes, 
rinsed in distilled water to remove all tra ces 
of the reagents, and dried in a warm oven. 
Visual examination under a binocular microscope 
showed that th e ostracode shell had been 
restored to its original white appea rance, with 
no trace of silvery reflectiv e film remaining. 
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It was then r e-sputtered with silver, and the 
same sieve plat e photographed once again beneath 
th e SEM. No damage was appa r ent (Figure 3b). 
The sam e result was obtained with ostracode no. 
1 and with delicate ornaments on other species 
of ostracodes. 
Butterfly scales and textile fibres 
A fragment of butterfly wing (Morpho aega, 
with its characteristic blue sheen) was mounted 
with Durofix upon a standard flat aluminium 
stub coated with silver by vacuum evaporation, 
and ~hotographed at 1000 X (Figure 4a). It was 
then uncoated (proved by optical microscop y) 
washed and dried before being re-coated with 
silver. A proportion of th e scales were 
mechanically dislodged by this procedure, but 
large numbers remained to prove that their SEM 
a ppearance remained unchanged (Figure 4b). This 
was true even to fine structure requiring a 
magnification of 15,000 X (Figure 5). 
Similar results were obtained with silk and 
linen fibres. 
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Granularity of Silver Films
5 An influential handbook claims that silver 
tends to form a very much coarser-grained film 
than gold or gold/palladium. This is puzzling 
in view of the observed resolution of fine 
structure in the Morpho scale at 15,000 X, and 
the independent recommendation of silver as th 3 best all-rou1~ conductive coating by both Cross 
and Tolansky when working in quite different 
fields. 
To test the matter further, 4 mm squares of 
microscope cover glass were cleaned in chromic 
acid, mounted upon small stubs with conductive 
paint (drawing it slightly up over the e<lges of 
the glass) and coated with silver and gold by 
both vacuum evaporation and sputtering in the 
manner detailed above. By placing the specimens 
in the top stage of an ISI DS130 scanning 
electron microscope and focussing upon particles 
of the conductive paint it was found that: 
a) Magnifications of 60,000 X were required to 
obtain adequate resolution of film 
structure. 
b) Evaporated silver was comparable in grain 
size with evaporated gold (Figures 6a an<l 
6b). Indeed, in these preparations it was 
superior in that it was free of larger 
agglomerates. 
c) Sputtered silver exhibited a smaller grain 
size than evaporated silver (Figure 6c). 
d) Sputtered gold had a similarly small grain 
size, but the entire film exhibited 
reticulation on a larger scale (Figure 6d). 
It is surmised that this may he a long-term 
result of stresses in the film when 
originally deposited. (All the films had 
been prepared during the same week, and then 
stored as described below for 6 months 
before scanning at high magnification. 
Silver appears superior rather than inferior to 
gold in these tests, It is hard to avoid the 
conclusion that the extraordinary appearance of 
the
5 
silver film in figure 10.5 of Goldstein et 
al. is due to an artifact of preparation. It 
is known that too rapid evaporatio'3 can cause a 
deposit to condense in aggregates, as can low 
angles of incidence and elevated substrate 
temperatures. 
Storage of Silver-Coated Specimens 
Since silver will slowly tarnish when 
exposed to the atmosphere, it is recommended 
that coated specimens should be stored in a 
desiccator containing self-indicating silica gel 
and a sheet of lead acetate paper. (The latter 
is made by moistening Whatman No. 1 filter paper 
with 1% lead acetate solution and drying it in 
an oven, It absorbs gaseous sulphides.) The 
ostracodes and butterfly scales examined above 
gave identical pictures, with no signs of 
chatging or coat1.ng detachment, when stored in 
this manner for 6 months (See, for example, 
Figure 4c). 
An ostracode coated with silver was 
deliberately exposed to hydrogen sulphide gas. 
The resulting brown film of silver sulphide 
continued to give satisfactory SEM pictures, but 
was not removable with Farmer's reducer. 
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Discussion 
Sputter coating with silver is a very 
satisfactory method of rendering many specimens 
conductive for SEM examination, yet appears to 
be fully reversible in the sense that the metal 
may be removed if required by the neutral 
aqueous reagent known as 'Farmer's reducer'. 
Many categories of samples may thus be examined 
an<l then restored to their original condition. 
It is recognised that the proposed technique 
should also be tested upon 'soft' biological 
tissues such as bacteria and cell cultures, as 
well as upon such materials as corrosion 
deposits. (A referee has pointed out, for 
example, that silver can form crystalline 
compounds on the sample surface if active 
halogens are present.) However, facilities and 
expertise for such work do not exist within this 
geology department: it is hoped that biologists 
and others will be stimulated to test the 
applicability of the procedure in their own 
specialist fields. 
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Discussion with Reviewers 
J.D. Fairing: In view of the cited report on the 
grain structure of silver films has the author 
carried out any TEM investigations to 
substantiate his claim that the reported 
structures are indeed preparation artifacts? 
Author: No; transmission electron microscopy was 
not available. 
J.D. Fairing: Has any measurement been made 
(such as by EDX) to determine th e amount of 
residual silver remaining on rough and porous 
surfaces after tr ea tment with Farmer's reducer? 
M. England: Have you examined specimens by X-ray 
microanalysis or transmission electron 
microscopy following tr ea tme nt with Farmer's 
r e ducer? 
Author: X-ray microanalysis was not available 
when the work described above was carried out. 
However, since that time a Link Systems EDX 
attachment has been installed, and has been 
applied to this question. Specimens of ancient 
Egyptian linen (mummy wrapping, of unknown age 
and provenance) and medieval stained glass 
covered by a porous weathering crust (pink 13th 
century potash glass from the west window of 
Canterbury Cathedral) were analysed before 
coa ting, then sputtered with silver and 
photographed in the normal way, and finally 
uncoated with Farmer's reducer and re-analysed. 
No silver could be detected in either specimen 
at the 'blank' stage, or after uncoating. 
Further details will be submitted to an 
appropriate archaeological journal. 
It is, of course, recognised that not all 
substrates will lend themselves to this 
technique. Some finely porous specimens may 
require assisting penetration of the reagent 
with vacuum and/or pressure, or subjection to 





At which magnification can you 
grain structure of your silver 
Author: I believe 15,000 X, but freely admit my 
inexperience in these matters. 
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K.-R. Peters: Did you ever observe (or were able 
to resolve) artifactual silver accumulation on 
fine structures smaller than about 750 nm? Can 
you present an example of such decoration 
effects? 
Author: No - but the comment above applies here 
too. 
M. England: Have you tried this method on any 
other biological materials, for example cells in 
culture, embryonic tissues, etc.? 
Author: No; materials, facilities and expertise 
for such work (which I agree should be done) are 
not available to me. 
J.D. Fairing: What is the effect of Farmer's 
reducer on the multitude of various materials 
that are frequently found on the surface of 
samples such as, for example, the corrosion 
products often encountered on the fracture 
surfaces of metals? These deposits are often 
insulators and a conductive coating is required 
before the surface morphology can be studied; 
however, it would be of value to be able to 
perform an EDX analysis of selected areas after 
removing the conductive layer. Can Farmer's 
reducer be safely and confidently used in these 
instances? 
Author: I am unable to answer this question 
since (to the best of my knowl e dg e ) all existing 
literature on Farmer's reducer is concerned only 
with its action upon photographic materials. I 
think prospective users should both consider the 
chemistry and check experimentally for any 
reaction with the materials they wish to 
examine. 
M. England: Would you recomm end the A and B 
solutions of Farmer's reducer be stored in a 
refrigerator or at room temperature? 
Author: Solutions A and B have been stored in 
amber glass bottl es (with ground g lass s toppers) 
for over 9 months at room temperature, with no 
sign of deterioration. However, there appears 
to be no reason why the reagents should not b e 
refrigerated if this :accords better with other 
phases of specimen preparation. 
